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Abstract 
This document presents an innovative solution to extend the lifetime of autonomous positioning systems used in the 
transportation sector. The integration of solar and mechanical energy harvesters along with the appropriate conditioning circuit 
into the main location system, are the key to reduce the dependence of batteries. Also, a toll detection circuit was added to 
provide information about crossing toll stations. 
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1. Introduction 
The accentuated globalization of trade by land, sea and air in the last decades, led the companies needs to depend 
on transportation networks and systems for an effective fleet management, in order to optimize resources. The 
success of these systems is directly related to the ability to identify periodically and accurately the location of 
vehicles and goods, allowing routes optimisation and cargo monitoring. 
Currently, it is possible to design small size, high efficient and low cost, positioning systems such as DWLocator 
[1] by DailyWork or PicoTrack [2] by Telic. These units are usually dependent of an internal rechargeable battery 
(lasting a few days or months without recharge) or a non-rechargeable battery, having a lifetime limited to a few 
years, such as DWLocator [1] (3 years) or SmartOne LP by Globalstar. Also they are characterized by having a high 
period of messaging (several hours or even days). 
For the autonomous devices, as the number of vehicles being monitored grows, transportation companies are 
forced to develop more complex and intelligent systems to manage their cargo, requiring more information (more 
messages per day) and longer lifetime (reducing the costs of replacing batteries). This demand has led to new ways 
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of powering positioning devices such as taking advantage of the movement and natural vibrations of transportation 
units.     
Therefore, the present article proposes a solution to increase the lifetime of autonomous systems in the 
transportation sector, and reduce the period of messaging, through the collection of external environmental energy 
(energy harvesting), as well as optimizing the energy consumption of the device. Power consumption is reduced 
through the use of low power sensors that allow sending information only upon detection of relevant events, such as 
the beginning and end of the journey, passing through toll (motorway entry and exit), sudden braking, collision, 
door opened/closed, theft, etc. Finally, all the information collected from the units is gathered, processed and 
displayed in an online platform in real-time anywhere in the world. 
This article presents in Chapter 2 the state of art related with Energy Harvesting as well as other important 
technologies for this work. Chapter 3 is split in two subchapters, the description of developed hardware unit and 
central system, while chapter 4 presents the results. Finally, conclusions are presented in chapter 5. 
2. State of the art 
Energy Harvesting [3] is a technique that captures the energy present in the environment and converts it into 
electrical energy. The harvesting is carried by an element called transducer which has the ability of producing a low 
electric voltage/current when submitted to an external energy source. Some examples of energy transducers are solar 
panels which gather energy emitted by the sun, propellers which produce an AC current when in the presence of 
wind, Peltier cells which produce an electric voltage proportional to a temperature gradient (Seebeck effect [4]) and 
piezoelectric materials or magnets near coils, which can harvest energy from mechanical vibrations. 
The piezoelectric element produce a high voltage signal (some Volts) with low current for few milliseconds, on 
the other hand a magnet through a coil (depending on the number of turns of the coil) produce a small voltage and 
high current signal that can be harvested (electromagnetic Induction [5]). 
Nowadays a lot of research is still being carried to improve transducers efficiency and to develop new methods of 
gathering energy from the environment.  
As can be seen in Table  1, the expected power collected from these sources is about some mW/cm2, in the case 
of solar energy, while only some μW/cm2 for the others.  
Table  1. Energy sources and typical amount of energy they can produce (adapted from [6]). 
Energy source Typical energy level produced Typical application 
Small solar panels Hundreds of mW/cm2 (direct 
sunlight) 
Handheld electronic devices  
Piezoelectric 
devices 
Hundreds of μW/cm2 Handheld devices or remote 
actuators 
RF energy from an 
antenna 
Hundreds of pW/cm2 Remote wireless sensors 
 
Since the objective is to harvest energy from a moving transportation unit, one can conclude that the solar energy 
(captured with a small solar panel), is the most efficient and powerful energy source. In addition, due to the 
vibrating environment, the mechanical energy (captured by a piezoelectric material or a magnet oscillating through a 
coil) may be a possible solution. Finally, the thermal and electromagnetic sources have a low power output in a 
natural transportation unit environment and will not be considered. 
After choosing the appropriate power source, it is necessary to regulate the voltage/current produced, to allow 
charging a storage element (capacitor, super-capacitor or rechargeable battery). The energy storage circuit is a key 
point, since the collected energy is sparse and intermittent, and can be out for long periods. 
Apart from the study of energy sources, it is also essential to optimize the system consumption by checking the 
position of the vehicle only when it is relevant and putting the unit to sleep (consuming the minimum energy 
possible) for the remainder time. For this, it is possible to use accelerometers, which verify continuously the 
accelerations of the vehicle to determine whether the vehicle is moving, stopped or had an accident, sending the 
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collected information whenever is useful. Another relevant factor during fleet management systems process is the 
passage of the vehicle through electronic tolls, since it will have impact on the overall cost of the journey. 
The technology used in the majority of toll collection systems around the world is known as Dedicated Short 
Range Communication (DSRC) [7] which requires a reader on the tolling infrastructure, called Road Side Unit 
(RSU), a few meters away from the vehicle/unit identifier, called On Board Unit (OBU). In Portugal, Via Verde [8] 
was one of the first European companies which adopted this technology. When the identifier “senses”/detects the 
reader, it wakes, exchanging some frames to perform a DSRC transaction. In this self-sufficient positioning system, 
the RSU DSRC beacon serves as a trigger to the system, starting a data transfer through mobile communication 
network, informing a crossing of the toll collection station. 
Upon detecting a relevant event, the unit must send the data to a central system where it will be processed and 
stored. Currently there are numerous of wireless communication networks, however due to ranging constraints, the 
GPRS and 3G are the main used networks, due to their large worldwide coverage, reliability and low cost 
communication data. There are also systems that rely on satellite communications to get coverage in oceans and 
uninhabited places.    
Finally, the position of each transportation unit must be available to the tracking companies in a graphical map 
with all the events detected and information related. Google Maps [9] is the most popular web mapping service that 
allows viewing any position of the globe through the internet. It is used in many applications as route planner or 
street navigator due to high accuracy maps and satellite images. Besides Google, many other companies like 
Microsoft [10] (Bing Maps) and Yahoo [11] (Yahoo! Maps) have a similar web mapping service. However most of 
these services are not free for commercial use. OpenStreetMap [12] is a license-free web map  
service built with the contribution of users all around the world (crowd sourcing project). Although it can not 
display satellite images, it has a large database of cities, streets and roads. 
3. Development 
After discussing the various elements needed to implement the autonomous self-sufficient positioning system, it 
is necessary to integrate all the solutions above into one single unit, described in subchapter 3.1. The developed 
central system is presented in subchapter 3.2.  
3.1. Autonomous Unit 
The general block diagram of the system with the main components is shown in Fig. 1. 
The first main block is the “Harvesting and Power Supply”. As explained above, the two main sources of power 
to be harvested from the environment are the solar and mechanical energies. 
The transducer used to capture solar energy was a 62.3mm x 37mm amorphous solar cell (AM-5710) [13]. This 
cell is able to provide a maximum of 112mW. Since the voltage from the solar cell is not constant, a LTC3459-
Synchronous Boost Converter from Linear Technology [14] was added for regulation, allowing 89% of conversion 
efficiency and a disabled output option when in shutdown mode. As for the mechanical energy source there are two 
different transducers available, a piezoelectric element and a small magnet oscillating through a coil, that in 
conjunction with a LTC3588 – Piezoelectric Energy Harvesting Power – can charge a storing element. 
The storage circuit needs to ensure the collection of a significant amount of energy and provide a high number of 
charge/discharge cycles, which is not possible with a common lithium rechargeable battery. In addition, the selected 
GPRS communication module, needs peak currents of more than 1A. Two super-capacitors of 40F each were 
employed, having high capacity storage and being characterized by hundreds of thousands of charge/discharge 
cycles. Also, they are capable of providing peak currents of many Amperes. Each capacitor when fully charged will 
allow at least one GPS measurement and one GPRS communication.  
To prevent from a system failure due to the intermittence of the energy available from the environment, a backup 
non-rechargeable type D lithium battery with 13Ah of capacity was introduced. The aim of this element is to 
guarantee the full operation of the system in emergency situations like (accidents or theft). However the goal of this 
device is to use this battery the least possible, since it has a finite capacity. 
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From Fig. 1 after the power supply of the device, a “Communication & Processing” block was added and is 
responsible for the accuracy and reliability of the data sent to the central system.  
The major management process is executed by a PIC24FJ128GA310 – Microchip [15] nanoWatt XLP 
Technology. This microcontroller is characterized by a current consumption in deep-sleep of 400nA (with Real-
Time Clock Calendar (RTCC)) and an active current of 150μA/MHz. It is responsible to interact with all sensors 
used in the system and to communicate with the GPS and GPRS modules. Since it has to permanently detect any 
issue related to the device, the microcontroller is never in full shutdown, allowing the control of other components’ 
power. 
The GPRS module (Gemalto’s BG2 [16]) is the element with the most current consumption of all, with an 
average of 230mA while transmitting and a maximum peak current of 1.4A. However, since the time for a 
communication is less than a minute, it must remain active only for that instance, being turned off for the rest of the 
time. 
Finally, the GPS FGPMMOPA6H of GlobalTop [17] (typical current consumption of 25mA while acquiring 
signal and 20mA tracking) is used to detect/receive periodically the position of the vehicle. Like the BG2, this 
module is only turned-on when a relevant event is detected. 
 
 
Fig. 1. System block diagram. 
All the components in the “Communication & Processing” block should be turned-off (or in case of the 
microcontroller, put to deep-sleep mode) reducing the power consumption to the minimum. However, the secondary 
block (“Wake-Up”) is necessary to detect or trigger a relevant event, wakening up the microcontroller and the 
GPS/GPRS (if necessary). 
The Wake-Up block is mainly constituted by an accelerometer, a RTCC, a DSRC event detector and magnetic 
switches. The ultralow power accelerometer used was an ADXL362 (with typical current consumption of 3μA) 
which is able to detect if the vehicle is moving or not. It can also sense sudden brakes or accidents. If the vehicle 
does not move for a long period of time the RTCC will awake the microcontroller to send the current position. The 
RTCC can be programmed to trigger daily or weekly. 
Since the device must warn the system in case of theft, two magnetic switches were added to sense any 
open/close door event and to detect any tampering of the unit enclosure. Also an onboard temperature sensor was 
installed to warn of high or low dangerous temperatures. 
Finally, a low power toll detector using DSRC technology was added, the main purpose of this circuit is to sense 
DSRC readers and inform the central system. The detector is in sleep mode most of the time, with a current 
consumption of 12A which is increased to 20mA when it senses a DSRC reader (for hundreds of milliseconds). 
Toll detector can be useful for logistics operations besides the information related with toll payments. 
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3.2. Central System 
As described in chapter 2, the central system aims to gather, process and store the information provided by the 
different units presented on the field. It must also be able to organize and filter the relevant data to display to the 
user. Lastly, the information should be presented in a graphical web map, so it can be easily accessed and 
understood. 
To simplify the organization of the data received three different classes of events were implemented: regular, 
warnings and alerts. The regular events are the most usual and should not require technical support: 
 Door opened in an allowed area. 
 Door closed in an allowed area. 
 Vehicle moving. 
 Vehicle stopped. 
 Toll detection. 
Warnings must be sent in the following cases: 
 Temperature too hot. 
 Temperature too cold. 
 Sudden break. 
 Transportation unit out of designated route. 
 Low battery detection (non-rechargeable battery). 
In this case the transportation unit management is informed to evaluate any possible issue. 
Finally, alert messages with high priority should be sent in the following cases: 
 Door opened in a non authorized area. 
 Accident detection. 
 Unit enclosure opened. 
 Transportation unit moving without central authorization. 
In case of an alert, possible theft, accident or unit corruption may have been attempted.  
OpenStreetMap [12] was the chosen platform to implement the central system due to being a license free 
database. 
4. Results 
Although the unit prototype is not completely ready to go under a real test, some preliminary measurements were 
taken for the energy harvesting block, explained in the previous chapter. Fig. 2 presents the schematic used to 
harvest energy from the solar cell. 
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Fig. 2. Solar energy harvesting circuit. 
The circuit is able to receive any voltage input from 1.72V to 6V. The minimum value is defined by LTC2935, 
Ultra Low Power Supervisor with 500nA quiescent current that shuts down the DC regulator in case the voltage 
drops below 1.72V.  
A SANYO’s [18] AM-5710 solar cell was connected to the circuit’s input and placed directly to the sun at 
midday. The output power was measured providing 72mW.  As for the mechanical harvester, no tests were made yet 
in intended transportation units (containers, semi-trailers and wagons), however it is expected that for cars and 
trucks, due to the usually soft suspension, only a few microwatts get harvested. On the other hand, semi-trailers and 
wagons, due to their much stiffer suspension, produce a more propitious vibrating environment, thus, some 
microwatts are expected to be harvested. In Fig. 3 the mechanical harvesting circuit is presented with the LTC3588 
mentioned in the previous chapter. 
 
 
Fig. 3. Mechanical energy harvesting circuit. 
Although the final board must be as small as possible, a prototype was design with some space left to place 
different mechanical transducers and the solar cell. Different transportation units have different resonant frequencies 
that need to be evaluated in practical tests with different transducers. 
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Fig. 4 presents the designed PCB layout with dimensions of 170mm x 110mm. 
 
 
Fig. 4. PCB board of the device. 
As for the central system, it is fully functional and ready to start receiving the unit’s position on the field. Fig. 5 
shows a sample taken from the central system web map with a simulated unit. 
 
 
Fig. 5. Central system web map sample. 
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5. Conclusion 
The demand of sophisticated management systems to optimize resources in the transportation sector has led to 
new technological challenges. If, in one hand, innovative tracking and communicating components allow more 
accurate and reliable systems, on the other hand, the batteries storage capacity is limited and has evolved slowly. 
Thus, new solutions such as capturing energy from the environment (Energy Harvesting) are necessary. 
The tracking system presented in this article collects the solar and mechanical energies from the external 
environment to respond to the power needs of the device, while making intelligent and efficient management of the 
energy collected. Since most of the energy spent by the unit will be for positioning and communications, all 
components were carefully chosen due to its consumption. Wakening techniques were implemented to allow the 
system to communicate only after the detection of a relevant event or issue. Special attention was taken designing 
and implementing the sleep state of the device, disabling all unessential components, since it will be in this mode for 
most of the time. A toll detection board was added to provide more information about the transportation unit’s route 
and costs to the fleet management teams. 
Lastly, the data received from the multiple units in the field was gathered and processed in a central system that 
allow the user to view in real-time all the information in a graphical map using the open-source OpenStreetMap’s 
platform [12].  
To conclude, the features presented above can extend the overall lifetime of autonomous tracking devices and 
may be a future solution to reduce the size of the batteries (or even discard them). However, only real scenario tests 
will provide data of the harvested energy from this device. If successful, this system may lead the way to perpetual 
tracking devices. 
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